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Low maternal serum levels of pregnancy associated plasma protein A (PAPP-A) are known to be 
associated with the development of pregnancy-related complications like small for gestational age 
infants, intrauterine fetal demise, gestational diabetes and preeclampsia. The study aims to find 
possible long-term correlations with the development of metabolic and cardiovascular complications in 
the mothers and their progeny in later life. This is a retrospective cohort study conducted on consecutive 
unselected women screened for chromosomal anomalies in the first trimester of pregnancy between 
2004 and 2010. PAPP-A values as well as clinical data collected at childbirth were considered. A maternal 
and neonatal follow-up was performed through a telephone interview with the mother during 2015. 
The body-mass-index and the presence of cardiovascular diseases, dyslipidaemia and diabetes mellitus 
were evaluated. The analysis included 988 patients. The median time of follow-up was 7 years (IQR 
6–9). Lower first trimester maternal blood PAPP-A quartiles were associated with small stature of the 
offspring (z-score 1st-2nd quartile 0.37 IQR −0.42 and 1.17 vs 3rd-4th quartile 0.67 IQR −0.17 and 1.36, 
p < 0.05). Furthermore, low first trimester PAPP-A in pregnancy without other gestations following the 
index one, in Kaplan-Meier analysis was associated to a significant increase of hypoglycemic agents use 
at 7 and 10 years (respectively 1.12% CI.95 0–2.38% and 5.45% CI.95 0–10.82%) compared to the control 
group of high first trimester PAPP-A values (0% CI.95 0–0%) (p < 0.05). Low PAPP-A serum levels in the 
first trimester of pregnancy are associated with short stature in offspring and de-novo development of 
maternal diabetes mellitus in later life.
PAPP-A, the pregnancy-associated plasma protein A, is produced by the placental syncytiotrophoblast and, inter-
acting with the insulin-like growth factors, plays a critical role in the step of invasion, in the growth of the pla-
centa and the fetus1–3. PAPP-A is a metalloproteinase that cleaves three insuline growth factor binding protein 
(IGFBP):IGFBP-2, -4 and -5; it binds to the surface of the cells and releases bioactive insulin growth factor (IGF) 
in proximity to their receptor, acting as a growth promoting enzyme1. The paracrine/autocrine actions of troph-
oblastic IGF may be important in the invasion of the endometrium and for the features of both the decidua, and 
the trophoblast. In vitro studies have shown that abundant levels of IGFBP-1 on the decidual side can modulate 
the secretion of proteases, thus adjusting the invasion.
Several clinical studies indicate that a low concentration of PAPP-A in maternal blood in the first trimester of 
pregnancy is correlated to placental dysfunction4–7. The association between PAPP-A levels in the first trimester 
of gestation and the development of metabolic complications during pregnancy has already been demonstrated; 
according to the current literature, however, the possible role of this protein in predicting future maternal compli-
cations after pregnancy has not been reviewed yet. The “Barker hypothesis” assigns to the placenta a pivotal role in 
fetal programming and leads back the development of cardiovascular and metabolic diseases in later life to intra-
uterine life8. In this perspective, we decided to investigate if PAPP-A levels at 11–13 + 6 weeks of gestation can 
predict the development of metabolic and cardiovascular pathologies in mothers and their offspring in later life.
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Materials and methods
Study design, setting and participants. In this retrospective study, we reviewed the PAPP-A measure-
ments performed for the first trimester aneuploidy screening and compared them with maternal and children’s 
clinical data, gathered from obstetrical records and from an interview with the patients years later.
This retrospective cohort consisted of 3263 consecutive pregnant women who underwent the first trimester 
screening for trisomies in the period between January 2005 and December 2010 at the University of Udine, Italy. 
Patients who underwent the ultrasound screening, combined with the additional maternal blood examination 
for commercial markers of chromosomal abnormalities (Pregnancy-Associated Plasma Protein-A -PAPP-A and 
free beta subunit of Human Chorionic Gonadotropin -free ß-HCG) were considered. Multiple pregnancies were 
excluded, as were patients with an anomalous fetal cariotype. A telephone survey was conducted after having sent 
an informed-consent letter to each patient between October 2014 and August 2016. Every participant agreed to 
answer a post-delivery follow-up interview and to make the retrospective data available for this analysis. PAPP- 
A serum concentration and clinical data were than retrospectively obtained from the clinical records of the first 
trimester chromosomal abnormalities screening. The first trimester screening blood samples were collected in the 
gestational period between 11 weeks and 13 weeks, 6 days of gestation, according to the usual screening protocol. 
The present research was conducted in accordance with the Helsinki declaration and was approved by the Internal 
Review Board of the Department of Medical Area (University of Udine).
Data measurement. The automated platform IMMULITE® (Siemens Healthcare Diagnostics) was used to 
measure maternal serum PAPP-A and free β-HCG. The IMMULITE® platform determines concentrations using 
an immunometric assay with solid phase labeled with chemiluminescent enzyme. The resulting measures of 
PAPP-A and free β-HCG were converted into multiples of the median (MoM) using the software Prisca (Typolog, 
Germany), after adjusting for factors that could affect the values (maternal weight, tobacco smoking, maternal 
diabetes mellitus, type of conception, and ethnicity).
Variables. The following maternal data regarding the index pregnancy were considered: maternal and pater-
nal age, parity (distinguishing nulliparous from women who had already delivered), height, weight and body 
mass index (BMI) at delivery, macro-region of origin, mode of conception (spontaneous induction, ovulation 
with or without intrauterine insemination and in vitro fertilization), mode of delivery, gestational age at delivery, 
pregnancy-related hypertensive disorders (PRHDs), gestational and pre-gestational diabetes mellitus (respec-
tively GDM and type I or II DM).
The considered newborn’s data were: sex, birth weight, placental weight, Apgar score at first and fifth minute, 
intrauterine growth restriction (IUGR), small for gestational age (SGA), large for gestational age (LGA) and 
malformations.
The indicators chosen for the mothers’ follow up were: BMI (weight - height square ratio), persistence or new 
onset of diabetes mellitus, persistence or new onset of hypertension or other metabolic diseases after the end of 
the puerperium (about 6 weeks after childbirth). The indicators chosen for the offspring were the following: BMI 
(weight - height square ratio), the diagnosis of diabetes mellitus, hypertension and other metabolic diseases. In 
addition, offspring’s weight, height and BMI z-scores were calculated according to the Centers for Disease Control 
and Prevention (CDC) growth curves9.
The macro-regions of origin were categorized into 6 groups: Italy and Western Europe (which includes the 
European Union before 2004, Switzerland, Norway and Iceland); Eastern Europe; Asia (which includes Nepal, 
Bangladesh, Bhutan, Northern Asia, central, Eastern and South Eastern Asia); Arab countries (which includes 
North Africa, South-western and South Asia, except for Nepal, Bangladesh and Bhutan); Sub-Saharian Africa; 
and other countries)10. Mode of delivery was classified as spontaneous vaginal delivery, operative vaginal deliv-
ery and cesarean section. Gestational age at delivery was considered as a continuous or dicotomic value using 
as significant limit >34 weeks of gestation. Gestational hypertensive diseases include: pre-eclapsia, defined by 
systolic blood pressure of greater than or equal to 140 mmHg or a diastolic blood pressure of greater than or equal 
to 90 mmHg in conjunction with proteinuria (defined as the urinary excretion of 0.3 g protein or greater in a 
24-hour period, which usually correlates with 30 mg/dl or greater in a random urine determination), gestational 
hypertension (defined as the same as pre-eclampsia, but without proteinuria), and pre-eclampsia superimposed 
on chronic hypertension (defined as pre-eclampsia in a patient with hypertension present before the 20th gesta-
tional week)11–14. Placental index was calculated as the ratio between placental weight and newborn’s weight10. 
The Apgar score was assigned to every newborn at one and five minutes of age, as universally accepted, giving 
the value 0, 1 or 2 to the following signs and adding them to compute the score, to the following signs: heart rate, 
respiratory effort, muscle tone, reflex irritability, color15. We classified all babies with a weight at birth under the 
10th percentile as SGA, while all babies with a birth weight over the 90th percentile were considered LGA12. The 
multiple of the median (MoM) of the neonatal weight was calculated as follows: neonatal weight/50° percentile of 
the neonatal weight at the same gestational week, adjusted for neonatal sex16.
Statistical analysis. Statistical analysis was performed using R (version 3.5.2). It was considered a sig-
nificant value of p < 0.05. The normality of the distribution was assessed using the Kolmogorov-Smirnoff test. 
The following statistic tests were used: in the case of continuous variables Wilcoxon test or t-test; in the case of 
categorical variables the chi-square test or Fisher’s exact test. A correlation analysis was performed using the 
Spearman rank correlation test. The population was divided according to the distribution of the adjusted PAPP-A 
MoM values, comparing the first and second quartile (considered low value) of the distribution with the other 
two quartiles (considered high value). In addition, a multivariate analysis was performed using logistic regres-
sion and considering as dependent variables the significant outcomes and as independent variables the adjusted 
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PAPP-A MoM and the possible confounding factors. Finally, a Kaplan-Meier analysis was carried out and the 
differences with the Log-Rank test were evaluated.
Results
We considered 3263 consecutive pregnancies. In total, 2275 cases were excluded for unavailability to the follow-up 
(missing contact data or consent of the patient to participate to the study). Overall, we included in the current 
analysis 988 singleton pregnancies. The median time of follow-up was 7 years (IQR 6–9).
Population’s features. Table 1 shows the characteristics of the population. Mothers were predominantly 
from Italy and Western Europe, with a mean age at the index pregnancy of 32.68 years (±4.44) and a mean 
pre-pregnancy BMI of 22.77 kg/m2 (±4.06). In 98.38% of the cases delivery occurred after 34 weeks’ gestation. 
Considering the characteristics of ultrasound screening for aneuploidies performed in the first trimester of preg-
nancy, the average values were within the normal range. Considering the neonatal characteristics, 49.60% of the 
neonates were males, 7.19% were SGA and 11.46% were LGA. In addition, 37.45% (370/988) of women had a new 
pregnancy after the considered index pregnancy.
Table 2 displays the maternal and offspring features at follow up. Excluding those ones suffering from 
pre-gestational diabetes, at the time of follow-up 4.61% of the mothers (45/977) were taking anti-hypertensive, 
hypoglycemic, or lipid-lowering drugs. In particular, 1.72% (17/988) of all the women were taking hypoglycemic 
(A) Population characteristics
Maternal age at birth (years) 32.68 (±4.45)
Maternal height (cm) 166.07 (±10.89)
Maternal pre-pregnancy BMI (kg/m²) 22.77 (±4.06)
Nulliparity 42.41% (419/988)
Paternal age at birth (years) 36.02 (±5.53)





Family macro area of origin
   Italy and Western Europe 92.3% (911/987)
   Eastern Europe 4.26% (42/987)
   Sub-Saharan Africa 1.62% (16/987)
   Arabian countries 1.11% (11/987)
   Asia and other 0.71% (7/987)
Pre-pregnancy diabetes mellitus 1.11% (11/988)
Gestational diabetes 3.24% (32/988)
PRHDs <34 weeks’ gestation 0.61% (6/988)
Preterm birth <34 weeks’ gestation 1.62% (16/988)
Mode of delivery
   Vaginal spontaneous birth 64.37% (636/988)
   Vaginal operative birth 9.21% (91/988)
   Caesarean section 26.42% (261/988)
(B) First trimester screening
CRL (mm) 58.73 (±6.99)
NT (mm) 1.48 (±0.33)
NT (MoM) 0.97 (±0.19)
PAPP-A (corrected MoM) 1.02 (±0.59)
Free ß-HCG (corrected MoM) 1.21 (±0.88)
(C) Neonatal characteristics
Male neonatal sex 49.6% (490/988)
SGA (<10th percentile) 7.19% (71/988)
LGA (>90th percentile) 11.64% (115/988)
Neonatal weight (grams) 3355.41 (±526.29)
Neonatal weight (MoM) 1.02 (±0.12)
Neonatal length (cm) 50.09 (±2.79)
Neonatal length (MoM) 1.01 (±0.04)
Table 1. (A) Characteristics of the population. (B) Characteristics on ultrasound and biochemical screening of 
the first trimester of pregnancy. (C) Characteristics of the newborn.
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drugs or insulin at the time of follow-up; excluding cases affected by pre-gestational diabetes, the 0.77% (7/977) 
of women had begun taking these drugs only years after delivery.
Table 3 shows the differences in the characteristics of the population between the low value of PAPP-A (first 
and second quartile of the distribution) and the other two quartiles. The neonatal length value was not signif-
icantly different between low and high PAPP-A values (p = 0.070). In addition, no significant differences were 
found in maternal characteristics (such as pre-pregnancy BMI or tobacco smoke habits).
Maternal long-term outcome. Among patients without pre-gestational diabetes, in the group with low 
PAPP-A the use of hypoglycemic agents had a higher prevalence 1.24% (6/485) than the group with high PAPP-A 
0.20% (1/492) (p = 0.068). To reduce possible biases correlated to pregnancies following the considered index 
gestation, the patients without subsequent pregnancies up to the follow up time, were stratified: the use of hypo-
glycemic agents was significantly higher (2.01%) in the low PAPP-A group than in the high PAPP-A group (0%) 
(p < 0.05). Considering the subgroup without new pregnancies after the index pregnancy, the composite outcome 
of use of anti-hypertensive, lipid-lowering, or hypoglycemic agents was also more prevalent in low PAPP-A than 
in high PAPP-A group (7.38% vs 3.83% p = 0.060).
In Fig. 1A, we highlight the cumulative events based on the time elapsed since birth and it can be seen how a 
low expression of PAPP-A in the first trimester of pregnancy is associated with an increased use of hypoglycemic 
agents in the population without pre-gestational diabetes (p = 0.080). Here we also see how, 7 and 10 years after 
the childbirth, the prevalence of use of these drugs in the group with low PAPP-A was respectively 0.67% (CI.95 
0–1.43%) and 3.07% (CI.95 0–6.12%), while in the group of patients with a PAPP-A in the two higher quartiles 
the prevalence was respectively 0% (CI.95 0–0%) and 2% (CI.95 0–5.8%). Figure 1B shows the data of pregnancy 
without other gestations following the index one: all the women using hypoglycemic agents belonged to the group 
with low first trimester PAPP-A values and the difference was statistically significant (p < 0.05). In addition, the 
prevalence of hypoglycemic agents use 7 years after the childbirth was 1.12% (CI.95 0–2.38%) versus 0% (CI.95 
0–0%) in the high first trimester PAPP-A values. Meanwhile, the prevalence of hypoglycemic agents use 10 years 
after the childbirth was 5.45% (CI.95 0–10.82%) versus 0% (CI.95 0–0%) in the high first trimester PAPP-A 
values. Considering the multivariate logistic regression, the increasing value of first trimester PAPP-A corrected 
MoM was significantly protective against the use of hypoglycemic agents even after correction for pre-pregnancy 
BMI at index pregnancy, maternal age at the index pregnancy, and gestational diabetes at index pregnancy (OR 
0.027, CI.95 0.001–0.693, p < 0.05).
Offspring height. Table 4 shows the differences with regards to the characteristics of the population at 
the time of follow-up. The group with low expression of PAPP-A presents a significantly lower offspring height 
z-score (0.37, −0.42–1.17) than the group with high expression of PAPP-A (0.67, −0.17–1.36) (p < 0.05). 
Figure 1C shows the serum level of PAPP-A in the first trimester of pregnancy is directly correlated with the off-
spring height z-score at the time of follow-up (rho = 0.099, p < 0.05). Considering the logistic regression analysis, 
an increasing value of PAPP-A corrected MoM (OR 1.614, CI.95 1.168–2.231, p < 0.05) is significantly associated 
to an offspring height z-score higher than the median of the distribution, even after correction in the multivariate 
logistic regression for newborn length MoM, offspring sex, as well as maternal and paternal height (OR 1.654 
CI.95 1.184–2.31; p < 0.05).
Offspring characteristics
Offspring age (months) 84.9 (72.07–111.02)
Offspring height (cm) 125 (118–135)
Offspring height (z-score) 0.52 (−0.28–1.28)
Offspring weight (Kg) 25 (21–30)
Offspring weight (z-score) 0.27 (−0.37–0.85)
Offspring BMI (Kg/m²) 15.87 (14.58–17.58)
Offspring BMI (z-score) 0.01 (−0.81–0.85)
Maternal characteristics
Use of anti-hypertensive drugs 3.54% (35/988)
Use of lipid-lowering drugs 0.51% (5/988)
Use of oral hypoglycemic agents/insulin 1.72% (17/988)
Use of oral hypoglycemic agents/insulin (*) 0.72% (7/977)
Use of anti-hypertensive, lipid-lowering, or 
hypoglycemic agents (*) 4.61% (45/977)
Use of oral hypoglycemic agents/insulin (**) 0.98% (6/611)
Use of anti-hypertensive, lipid-lowering, or 
hypoglycemic agents (**) 5.56% (34/611)
Use of levothyroxine 7.49% (74/988)
Table 2. Maternal and offspring features at follow up. (*) Mothers with pre-gestational diabetes are excluded. 
(**) Mothers with pre-gestational diabetes are excluded, as well mother with a new pregnancy following the 
index pregnancy.
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Discussion
Based on our findings, low maternal serum PAPP-A levels in the first trimester of pregnancy are related to long 
term outcomes: a small stature of the offspring and a higher prevalence of maternal metabolic diseases among 
women, measured in terms of hypoglycemic agents intake, after a median of 7 years follow-up.
The most interesting data concern the growth of the offspring and the metabolic diseases of the mother dur-
ing follow-up. A correlation between the values of PAPP-A in the first trimester of pregnancy and the children’s 
height has not yet been described in the current literature. This study, to our knowledge, is the first to report such 
an association. What is already well established is that low values of PAPP-A are correlated with an increased 
incidence of SGA infants, as we also report17–21. Studies have already shown that levels of PAPP-A are related 
to fetal growth: they are significantly lower in SGA infants compared with appropriate for gestatinal age (AGA) 
infants, and they are an independent factor in predicting placental weight and birthweight22,23. Conversely, a high 
PAPP-A appears to be associated with a statistically significantly lower prevalence of SGA and with an increased 
risk of LGAs24,25.
The linkage that we demonstrated with height in childhood is consistent with some studies on 
pregnancy-associated plasma protein A2 (PAPP-A2), which is an enzyme that shares nearly 40% amino acid 
homology with PAPP-A and acts similarly as an IGFBP protease. Experiments on k/o mice found that PAPP-A2 
deficiency compromises fetal growth and skeletal phenotypes and PAPP-A2 human mutations were proven to 
cause short stature due to low IGF-I availability26. Our findings support the insight that PAPP-A has a decisive 
PAPP-A MoM 1st-2nd 
quartiles (494)
PAPP-A MoM 3th-4th 
quartiles (494) p
Maternal age at birth (years) 32.54 (±4.44) 32.83 (±4.46) 0.310
Maternal height (cm) 166.23 (±14.33) 165.91 (±5.63) 0.646
Maternal pre-pregnancy BMI 
(kg/m²) 22.93 (±4.13) 22.62 (±3.99) 0.230
Nulliparity 40.49% (200/494) 44.33% (219/494) 0.220
Paternal age at birth (years) 35.75 (±5.73) 36.30 (±5.31) 0.120
Paternal height (cm) 178.78 (±9.45) 179.47 (±6.69) 0.320
Maternal smoking
   Unknown 0.20% (1/494) 0.20% (1/494) 1.000
   No 97.37% (481/494) 95.95% (474/494) 0.220
   Yes 2.43% (12/494) 3.85% (19/494) 0.200
Family macro area of origin
   Italy and Western Europe 92.51% (457/494) 92.09% (454/493) 0.800
   Eastern Europe 4.05% (20/494) 4.46% (22/493) 0.750
   Sub-Saharan Africa 2.02% (10/494) 1.22% (6/493) 0.320
   Arabian countries 0.81% (4/494) 1.42% (7/493) 0.360
   Asia and other 0.61% (3/494) 0.81% (4/493) 0.700
Pre-pregnancy diabetes 
mellitus 1.82% (9/494) 0.40% (2/494) 0.060
Gestational diabetes 5.26% (26/494) 5.47% (27/494) 0.890
PRHDs <34 weeks’ gestation 1.01% (5/494) 0.20% (1/494) 0.220
Preterm birth <34 weeks’ 
gestation 2.02% (10/494) 1.21% (6/494) 0.310
Mode of delivery
   Vaginal spontaneous birth 60.73% (300/494) 68.02% (336/494) <0.05
   Vaginal operative birth 9.72% (48/494) 8.70% (43/494) 0.580
   Caesarean section 29.55% (146/494) 23.28% (115/494) <0.05
CRL (mm) 58.19 (±6.88) 59.28 (±7.07) <0.05
NT (mm) 1.44 (±0.30) 1.52 (±0.35) <0.05
NT (MoM) 0.95 (±0.18) 0.99 (±0.20) <0.05
Free ß-HCG (corrected MoM) 1.13 (±0.88) 1.28 (±0.88) <0.05
Male neonatal sex 53.04% (262/494) 46.15% (228/494) <0.05
SGA (<10th percentile) 8.70% (43/494) 5.67% (28/494) 0.070
LGA (>90th percentile) 11.94% (59/494) 11.34% (56/494) 0.770
Neonatal weight (grams) 3308.27 (±559.39) 3402.54 (±486.99) <0.05
Neonatal weight (MoM) 1.01 (±0.13) 1.02 (±0.12) 0.120
Neonatal length (cm) 49.88 (±2.99) 50.29 (±2.56) <0.05
Neonatal length (MoM) 1.00 (±0.04) 1.01 (±0.04) 0.070
Table 3. Characteristics of the population, of the first trimester ultrasound and of the newborn, divided by the 
distribution of PAPP-A corrected MoMs (1st and 2nd quartile vs 3th-4th quartile).
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role in the modulation of bone remodeling27. The explanation of our result is still unclear, but could lie in PAPP-A 
protease activity: this enzyme, degrading inhibitors IGFBP-4 and -5, is able to increase the local bioavailability 
of the insulin-like growth factors, which are mitogenic and antiapoptotic endocrine factors that play a crucial 
part in the growth of fetal cells and in placental function1,7. According to our results, though, PAPP-A levels 
not only relate to placental function and intrauterine growth, but also to post-natal development. This corre-
lation between PAPP-A and children’s further growth is yet unexplored; the interpretation could involve fetal 
programming, through different mechanisms: fetal under-nutrition, glucocorticoid exposure, or genetic and 
epigenetic links8,28. Children could also inherit from their mothers a constitutional low genetic expression of 
PAPP-A, which is known to be influenced by maternal characteristics, including weight and racial origin29. This 
Figure 1. (Panel A) Cumulative events of hypoglycemic agents/insulin use in the years after birth according 
to the PAPP-A value in the first trimester of the index pregnancy. Log-rank test p = 0.080. It should be noted 
that cases of pre-gestational diabetes mellitus were excluded prior to analysis. (Panel B) Cumulative events of 
hypoglycemic agents/insulin use in the years after birth, in the subgroup without pregnancies following the 
index pregnancy, according to the PAPP-A value in the first trimester of the index pregnancy. Log-rank test 
p < 0.05. It should be noted that cases of pre-gestational diabetes mellitus were excluded prior to analysis. (Panel 
C) Correlation between Z scores of offspring height and maternal blood value of PAPP-A corrected MoM in the 
first trimester of pregnancy.
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latter hypothesis could be further investigated measuring PAPP-A serum levels in children and comparing them 
to maternal values.
The other interesting and newfound aspect of this study is the relationship existing between the low levels 
of PAPP-A in the first trimester of pregnancy and the development of metabolic diseases such diabetes mellitus 
in the mother after many years. Considering their pharmacological history, which was investigated through the 
questionnaire, women with an expression of PAPP-A in the first and second quartile of the distribution show 
higher rates of disease compared to the population of the third and fourth quartiles, where the concentration of 
PAPP-A is greater. In particular, this correlation acquires more significance if we consider only the patients who 
did not have subsequent pregnancies up to the follow up time.
The relationship between the concentrations of PAPP-A and the presence of metabolic disorder during preg-
nancy it has long been known. The associations between PAPP-A levels and preeclampsia or other PRHDs during 
pregnancy have been diffusely described: the levels of PAPP-A are lower in pregnancies complicated by PRHD 
compared to the levels in pregnancies with normal blood pressure, as our data confirmed, hence PAPP-A has 
been proposed as an early marker for the screening of preeclampsia in combination with other serum proteins 
and maternal demographics30–33.
The relationship with metabolism has been studied especially for Gestational Diabetes Mellitus (GDM). 
Several studies found that, in the first trimester of pregnancy, the values of PAPP-A levels were lower in patients 
who developed GDM, compared to patients with normoglycemic pregnant, suggesting a possible role of this bio-
chemical marker in GDM screening in early pregnancy34,35. From these data it can be deduced that low PAPP-A 
concentrations could be an indicator of a pathophysiological process that will lead to GDM and type 2 DM years 
after pregnancy, but which is already in place months before the disease becomes striking. This hypothesis is sup-
ported by Pellitero et al., who have explored the influence of glycemic control in the regulation of PAPP-A36, look-
ing into the correlation between PAPP-A, inflammatory cytokines and glycemic control in diabetic non-pregnant 
patients. PAPP-A in fact, as previously described, is not only secreted by the placenta during pregnancy, but also 
by many other fetal and adult tissues. As an example, consider that in non-pregnant and healthy individuals, the 
concentration is around 3–5 mIU/L, while at the tenth week of gestation it touches 1000 mIU/L. Returning to 
the study conducted by Pellitero et al., the value of PAPP-A was still lower in diabetic patients compared to the 
non-diabetic control group, and there was an inversely proportional relationship between the concentrations of 
PAPP-A and glycated hemoglobin HbA1c.
Limits of the study. The predictive value of PAPP-A concerning the future development of metabolic com-
plications in the years after the index pregnancy could be explained by the fact that pregnancy may be the reveal-
ing event of an early subclinical altered metabolic state, that continues to develop in the subsequent years. This 
perspective points out pregnancy as a favoured moment in women’s life to implement primary prevention.
Our findings could be widely generalized, as the considered sample is broadly representative, being composed 
by 929 unselected consecutive pregnancies. Nevertheless, in order to increase statistical sensitivity, further inves-
tigation, involving a larger sample, should be conducted in order to verify and further advance our results. The 
telephone follow up, as depends on the subjective report of the mother about their clinical condition and their 
children’s health, could have introduced memory and information bias in the study, that we tried to manage ask-








Offspring height (z-score) 0.37 (−0.42–1.17) 0.67 (−0.17–1.36) <0.05
Offspring weight (z-score) 0.26 (−0.36–0.76) 0.27 (−0.40–0.94) 0.781
Offspring BMI (z-score) 0.03 (−0.75–0.84) −0.03 (−0.92–0.85) 0.305
Maternal characteristics
Use of anti-hypertensive drugs 3.44% (17/494) 3.64% (18/494) 0.863
Use of lipid-lowering drugs 0.61% (3/494) 0.40% (2/494) 0.654
Use of oral hypoglycemic agents/insulin 3.04% (15/494) 0.40% (2/494) <0.05
Use of oral hypoglycemic agents/insulin (*) 1.24% (6/485) 0.20% (1/492) 0.068
Use of anti-hypertensive, lipid-lowering, or 
hypoglycemic agents (*) 4.95% (24/485) 4.27% (21/492) 0.612
Use of oral hypoglycemic agents/insulin (**) 2.01% (6/298) 0.00% (0/313) <0.05
Use of anti-hypertensive, lipid-lowering, or 
hypoglycemic agents (**) 7.38% (22/298) 3.83% (12/313) 0.060
Use of levothyroxine 6.28% (31/494) 8.70% (43/494) 0.147
Table 4. Characteristics at follow-up divided for the distribution of PAPP-A corrected MoMs (1st-2nd 
quartile of the distribution vs 3rd-4th quartile of the distribution). (*) Mothers with pre-gestational diabetes 
are excluded. (**) Mothers with pre-gestational diabetes are excluded, as well mother with a new pregnancy 
following the index pregnancy.
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Co-morbidities were revealed through the drug history, within the questionnaire, but any disease in remis-
sion, for which the patient was not taking any medication, was harder to identify and this could have had an effect 
on the outcome sought. To minimize these effects, we decided to submit the questionnaires to patients by tele-
phone so that the interviewer was able to ensure the understanding of the question, to receive quickly the required 
information, and to capture directly any additional information on health status. We obtained follow-up data only 
from a part of the original cohort (988/3263), but we estimated that the selection bias effect lost to follow up is 
weak, because the population of participants and non participants were similar.
conclusions
Our data show that low PAPP-A serum levels in the first trimester of pregnancy are associated with short stat-
ure in offspring and de-novo development of maternal diabetes mellitus in later life. Even if allocating a role of 
PAPP-A in the screening of future metabolic disease among pregnant women is still undoubtedly premature, we 
believe that our research may contribute to a better understanding of metabolic disorders. These results should 
be taken into account by obstetric care professionals in order to inform patients about possible further complica-
tions, making it possible to enact prevention measures, hence improving woman’s health.
condensation. The low PAPP-A serum levels in the first trimester of pregnancy is associated with short 
stature in children and later development of diabetes mellitus in the mothers.
Data availability
The data that support the findings of this study are available, but restrictions apply to the availability of these data, 
which was used under license for the current study, and so are not publicly available. Data are however available 
from the authors upon reasonable request and with permission of the Internal Review Board.
Received: 7 August 2019; Accepted: 26 February 2020;
Published: xx xx xxxx
References
 1. Monget, P. & Oxvig, C. PAPP-A and the IGF system. Annales d’Endocrinologie. 77, 90–96 (2016).
 2. Sifakis, S. et al. Placental expression of PAPPA, PAPPA-2 and PLAC-1 in pregnacies is associated with FGR. Molecular Medicine 
Reports. 17, 6435–6440 (2018).
 3. Costa, M. A. The endocrine function of human placenta: an overview. Reproductive BioMedicine Online. 32, 14–43 (2016).
 4. Lawrence, J. B. et al. The insulin-like growth factor (IGF)-dependent IGF binding protein-4 protease secreted by human fibroblasts 
is pregnancy-associated plasma protein-A. Proceedings of the National Academy of Sciences of the United States of America. 96, 
3149–53 (1999).
 5. Conover, C. A. et al. Metalloproteinase pregnancy-associated plasma protein A is a critical growth regulatory factor during fetal 
development. Development. 131, 1187–1194 (2004).
 6. van Kleffens, M. et al. The IGF system during fetal-placental development of the mouse. Mol cel endocrinol. 140, 129–35 (1998).
 7. Irwin, J. C., Suen, L. F., Martina, N. A., Mark, S. P. & Giudice, L. C. Role of the IGF system in trophoblast invasion and pre-eclampsia. 
Hum reprod. 14(Suppl 2), 90–6 (1999).
 8. De Boo, H. A. & Harding, J. E. The developmental origins of adult disease (Barker) hypothesis. The Australian and New Zealand 
Journal of Obstetrics and Gynaecology. 46, 4–14 (2006).
 9. Kuczmarski, R. J. et al. 2000 CDC Growth Charts for the United States: methods and development. Vital and health statistics Series 
11, Data from the National Health Survey. 2002, 1–190 (2000).
 10. Londero, A. et al. High placental index and poor pregnancy outcomes: A retrospective study of 18 386 pregnancies. Gynecological 
Endocrinology. 29 (2013).
 11. Lowe, S. A. et al. Guidelines for the management of hypertensive disorders of pregnancy 2008. Australian and New Zealand Journal 
of Obstetrics and Gynaecology. 49, 242–246 (2009).
 12. Visentin, S., Londero, A. P., Camerin, M., Grisan, E. & Cosmi, E. A possible new approach in the prediction of late gestational 
hypertension. Medicine. 96, e5515 (2017).
 13. Fruscalzo, A. et al. Menstrual abnormalities and predisposition to pregnancy-related hypertensive disorders: A retrospective study. 
Gynecological Endocrinology. 26 (2010).
 14. Bertozzi, S. et al. Influence of the couple on hypertensive disorders during pregnancy: A retrospective cohort study. Pregnancy 
Hypertension. 1 (2011).
 15. of Pediatrics Committee on Fetus AA, Newborn ACoO, on Obstetric Practice GC. The Apgar Score. Pediatrics. 136, 819–22 (2015).
 16. Londero, A. et al. First trimester PAPP-A MoM values predictive for breech presentation at term of pregnancy. Gynecological 
Endocrinology. 29 (2013).
 17. D’Antonio, F. et al. Association between first-trimester maternal serum pregnancy-associated plasma protein-A and obstetric 
complications. Prenat Diagn. 33, 839–847 (2013).
 18. Karagiannis, G., Akolekar, R., Sarquis, R., Wright, D. & Nicolaides, K. H. Prediction of small-for-gestation neonates from biophysical 
and biochemical markers at 11-13 weeks. Fetal diagnosis and therapy. 29, 148–54 (2011).
 19. Smith, G. C. S. et al. Early pregnancy levels of pregnancy-associated plasma protein a and the risk of intrauterine growth restriction, 
premature birth, preeclampsia, and stillbirth. The Journal of clinical endocrinology and metabolism. 87, 1762–7 (2002).
 20. Dugoff, L. et al. First-trimester maternal serum PAPP-A and free-beta subunit human chorionic gonadotropin concentrations and 
nuchal translucency are associated with obstetric complications: a population-based screening study (the FASTER Trial). American 
journal of obstetrics and gynecology. 191, 1446–51 (2004).
 21. Poon, L. C. Y., Syngelaki, A., Akolekar, R., Lai, J. & Nicolaides, K. H. Combined screening for preeclampsia and small for gestational 
age at 11-13 weeks. Fetal diagnosis and therapy. 33, 16–27 (2013).
 22. Goto, E. Meta-regression analysis to evaluate relationships between maternal blood levels of placentation biomarkers and low 
delivery weight. International Journal of Gynecology & Obstetrics. 142, 148–155 (2018).
 23. Leung, T. Y. et al. First-trimester maternal serum level of pregnancy-associated plasma protein-A is an independent predictor of fetal 
maxillary bone length. Ultrasound in Obstetrics and Gynecology. 27, 9–12 (2005).
 24. Baer, R. J., Lyell, D. J., Norton, M. E., Currier, R. J. & Jelliffe-Pawlowski, L. L. First trimester pregnancy-associated plasma protein-A 
and birth weight. European Journal of Obstetrics & Gynecology and Reproductive Biology. 198, 1–6 (2016).
 25. Wells, G. et al. Maternal Diabetes, Large-for-Gestational-Age Births, and First Trimester Pregnancy–Associated Plasma Protein-A. 
The. Journal of Clinical Endocrinology & Metabolism. 100, 2372–2379 (2015).
9Scientific RepoRtS |         (2020) 10:5131  | https://doi.org/10.1038/s41598-020-61830-5
www.nature.com/scientificreportswww.nature.com/scientificreports/
 26. Dauber, A. et al. Mutations in pregnancy-associated plasma protein A2 cause short stature due to low IGF-I availability. EMBO 
Molecular Medicine. 8, 363–374 (2016).
 27. Leung, T. Y. et al. First-trimester maternal serum levels of placental hormones are independent predictors of second-trimester fetal 
growth parameters. Ultrasound in obstetrics & gynecology: the official journal of the International Society of Ultrasound in 
Obstetrics and Gynecology. 27:156–61 (2006).
 28. Barker, D. J. P. The origins of the developmental origins theory. Journal of Internal Medicine. 261, 412–417 (2007).
 29. Wright, D., Silva, M., Papadopoulos, S., Wright, A. & Nicolaides, K. H. Serum pregnancy-associated plasma protein-A in the three 
trimesters of pregnancy: effects of maternal characteristics and medical history. Ultrasound in Obstetrics & Gynecology. 46, 42–50 
(2015).
 30. Spencer, K., Cowans, N. J., Avgidou, K., Molina, F. & Nicolaides, K. H. First-trimester biochemical markers of aneuploidy and the 
prediction of small-for-gestational age fetuses. Ultrasound in obstetrics & gynecology: the official journal of the International Society 
of Ultrasound in Obstetrics and Gynecology 31, 15–9 (2008).
 31. Tan, M. Y. et al. Screening for pre-eclampsia by maternal factors and biomarkers at 11–13 weeks’ gestation. Ultrasound in Obstetrics 
& Gynecology. 52, 186–195 (2018).
 32. Huang, T., Hoffman, B., Meschino, W., Kingdom, J. & Okun, N. Prediction of adverse pregnancy outcomes by combinations of first 
and second trimester biochemistry markers used in the routine prenatal screening of Down syndrome. Prenatal diagnosis. 30, 471–7 
(2010).
 33. Akolekar, R., Syngelaki, A., Sarquis, R., Zvanca, M. & Nicolaides, K. H. Prediction of early, intermediate and late pre-eclampsia from 
maternal factors, biophysical and biochemical markers at 11-13 weeks. Prenatal diagnosis. 31, 66–74 (2011).
 34. Donovan, B. M. et al. First trimester prenatal screening biomarkers and gestational diabetes mellitus: A systematic review and meta-
analysis. PLOS ONE. 13, e0201319 (2018).
 35. Sweeting, A. et al. A Novel Early Pregnancy Risk Prediction Model for Gestational Diabetes Mellitus. Fetal Diagnosis and Therapy. 
1–9 (2018).
 36. Pellitero, S. et al. Pregnancy-Associated Plasma Protein-A Levels Are Related to Glycemic Control but Not to Lipid Profile or 
Hemostatic Parameters in Type 2 Diabetes. Diabetes Care. 30, 3083–3085 (2007).
Acknowledgements
The authors would like to thank the whole staff collaborating in clinical practice and in the study, particularly 
during data collection.
Author contributions
Substantial contributions to conception and design or acquisition of data or to analysis and interpretation of data 
(A.F., A.C., E.R., A.M., A.P.L., L.D.). Drafting the article or revising it critically for important intellectual content 
(A.F., A.C., E.R., A.M., A.P.L., L.D.). All authors have read and approved the final manuscript.
Competing interests
The authors declare no competing interests.
Additional information
Correspondence and requests for materials should be addressed to A.P.L.
Reprints and permissions information is available at www.nature.com/reprints.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.
Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2020
